INVESTIGATION OF CALCIUM CARBIDE RESIDUE  AS A STABILIZER FOR TROPICAL SAND USED AS PAVEMENT MATERIAL by Akinwumi, I. I. et al.
INVESTIGATION OF CALCIUM CARBIDE RESIDUE  
AS A STABILIZER FOR TROPICAL SAND USED AS 
PAVEMENT MATERIAL 
ISAAC IBUKUN AKINWUMI1, OLUSEYI OLANREWAJU AJAYI2, MICHAEL CHIKODI AGARANA3,4, 
ADEBANJI SAMUEL OGBIYE1, OLUWAPELUMI OLUMIDE OJURI5 & AYODEJI OLUWASEUN DAVID1 
1Department of Civil Engineering, Covenant University, Nigeria 
2Department of Mechanical Engineering, Covenant University, Nigeria 
3Department of Mathematics, Covenant University, Nigeria 
4Department of Mechanical Engineering Science, University of Johannesburg, South Africa 
5Department of Civil and Environmental Engineering, Federal University of Technology Akure, Nigeria 
ABSTRACT 
Wastes that have cementitious properties can become a useful source of cheap materials for soil 
improvement, thereby reducing the cost of construction projects on sites that have unsuitable soils. This 
research work investigated the effects of the application of calcium carbide residue (CCR) to a tropical 
soil on its geotechnical properties in order to assess the suitability of the stabilized soil for use as a road 
pavement material. Tests to determine the grain size distribution, specific gravity, liquid and plastic 
limits, compaction, California bearing ratio (CBR) and unconfined compressive strength (UCS) of the 
natural soil and its stabilization with varying percentages of CCR were carried out. The outcome 
showed that increasing application of CCR generally reduced the soil’s specific gravity, plasticity index 
and maximum dry unit weight. A direct proportionality was also found between the CCR content and 
each of the liquid and plastic limits, optimum moisture content, CBR and UCS. Thus, the soil became 
more workable and its strength properties were improved by stabilization with CCR.  Consequently, 
the subgrade characteristics of the soil for use as earthwork materials for road construction was 
improved. Based on strength properties of the stabilized soil, an optimal application of 4% CCR was 
found suitable for the stabilization of the sand with similar properties as those studied. The use of CCR 
for stabilizing sand for road construction is recommended as a cheap and sustainable approach for 
developing countries. 
Keywords:  earthworks, foundation, geotechnical properties, lateritic soil, soil improvement, 
sustainability. 
1  INTRODUCTION 
Transportation played an important role in the industrialized civilization of today and is vital 
to the organization, comfort, convenience, economic growth and well-being of the society 
[1]. In many countries of the world, roads or highways are the most utilized transportation 
infrastructure [2], [3]. Poor road infrastructure can lead to job loss, high vehicle operating 
costs, road traffic congestion, a general rise in the prices of goods and services, and 
consequently, impact negatively on the economy of a country [4].  
     Soils used as materials for earthworks foundation of road pavements play an important 
role in ensuring the stability and durability of roads. Suitable natural soils are, however, 
getting fast depleted; making some road pavement designers and constructors favour the 
stabilization of in situ soils with poor engineering properties [5], [6] over their replacement 
with suitable materials in order to reduce road construction costs. A soil can be said to be 
unsuitable for use as earthworks material if it: is difficult to work with (that is, it has a high 
plasticity), has low strength, has a tendency to retain moisture and a high natural moisture 
content [7]. 
     This research work investigates the suitability of using calcium carbide residue (CCR) to 
stabilize a tropical sand in order to evaluate the use of the stabilized sand as road pavement 
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layer material. The process of producing acetylene gas, which is of great commercial 
importance, based on the calcium carbide process leaves CCR as its by-product. Though 
acetylene is largely produced in some developed countries by the partial oxidation of natural 
gas [8], its production in many developing countries involves the use of calcium carbide. The 
process involves the reaction of calcium carbide (CaC2) with water, as expressed in eqn (1), 
producing a slurry that is basically hydrated lime (Ca(OH)2) 
 
CaC2 + 2H2O            C2H2 + Ca(OH)2.                                  (1) 
 
     Eqn (1) shows that for every gram of acetylene gas (C2H2) produced, the weight of CCR 
generated in the process is more than twice the weight of the acetylene gas. This provides an 
idea of the enormous waste (CCR) generated by this process. CCR is usually disposed of, as 
it finds no or little use in the society, thereby constituting an environmental nuisance.  
     CCR, however, can become cementitious by pozzolanic action [9], [10]. Du et al. [11] 
recommended CCR as a binder to treat clays with high natural moisture content and reported 
that it performed better than lime treatment of the clay. Also, researchers have investigated 
the effects of mixtures of CCR and fly ash [9], [10], [12], CCR and rice husk ash [13], and 
CCR and bagasse ash [14] on the engineering properties of some clays. However, no 
literature was found on the CCR stabilization of tropical soil that predominantly contains 
sand with silt. 
2  MATERIALS AND METHODS 
The soil used was collected from a borrow pit at point latitude 06º 40' 52'' North and longitude 
03º 09' 11'' East, Ota, Ogun state, Nigeria. Vegetative materials were removed from the 
samples before being placed in collection polythene bag and sacks. The natural moisture 
content of the soil was determined using samples collected in the polythene bag and using 
laboratory oven-drying method. Samples collected using sacks were air-dried in the 
laboratory prior to being used. 
     The CCR was obtained from an industrial gas company in Ogun state, Nigeria. It was air-
dried, pulverized and sieved through a sieve with 425 μm opening. The fraction passing 
through the 425 μm sieve was used for stabilizing the soil [15]. Varying percentages of CCR 
(0, 4, 8, 12 and 16% by dried mass of soil) were used to stabilize the soil. The effects of the 
various CCR contents on the geotechnical properties of the soil were evaluated. The 
geotechnical properties tests carried out were specific gravity, Atterberg limits, compaction, 
California bearing ratio (CBR) and unconfined compressive strength (UCS) tests. They were 
carried out in accordance with procedures described by British Standards Institution [16]. 
3  RESULTS AND DISCUSSION 
The soil has a colour that can be described as 2.5YR 3/4 in accordance with the Munsell Soil 
Colour Chart. It is a well-graded sand with silt (SW-SM), according to the Unified Soil 
Classification System. The geotechnical properties of the soil are presented in Table 1. The 
in-situ moisture content of the soil is 8.6, while its specific gravity is 2.55. Its CBR and UCS 
is 54% and 212.2 kN/m2, respectively. The distribution of the sizes of particles of the soil is 
presented in Fig. 1. The percentage of the particles of the soil passing the sieve with 75 µm 
openings is 7.86. The distribution curve shows that the sand is well-graded.  
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3.1  Specific gravity 
The effect of the application of CCR on the specific gravity of the soil is graphically shown 
in Fig. 2. The progressive addition of CCR to the soil decreased the specific gravity of the 
stabilized soil. 
Table 1:  Geotechnical properties of the natural soil. 
Properties Natural soil 
Natural moisture content 8.6 
Specific gravity 2.55 
Liquid limit (%) 43 
Plastic limit (%) 28 
Plasticity index (%) 15 
Maximum dry unit weight (kN/m3) 16.97 
Optimum moisture content (%) 15.6 
California bearing ratio (%) 54 
Unconfined compressive strength (kN/m²) 212.2 
 
 
Figure 1:  Particle size distribution for the natural soil. 
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Figure 2:  Variation of specific gravity of soil with CCR content. 
     A review of the literature [14], [17]–[22] shows that the specific gravity of CCR ranges 
from 2.04–2.92. The specific gravity of the CCR used was found to be 2.34 and this is 
responsible for the progressive decrease in the specific gravity of the soil-CCR mixture as its 
CCR increased. 
3.2  Plasticity index 
The plasticity index of the soil varied with its CCR as shown in Fig. 3. It decreased with 
increasing percentage of CCR in the stabilized soil.  
     The decrease in the plasticity index of the stabilized soil should normally indicate that the 
application of CCR to the soil made it more workable [23], [24]. However, a plot of the 
results of the Atterberg limits test, for the soil-CCR mixtures, on the plasticity chart shows 
otherwise (Fig. 4). Fig. 4 shows that the fines of the natural soil, which was classified as a 
silt of low plasticity became of high plasticity after the application of 8% CCR. Consequently, 
it can be said that the plasticity of the stabilized soil increased with an increase in its CCR 
content. 
3.3  Compaction characteristics 
The variation of the optimum moisture content (OMC) and maximum dry unit weight 
(MDUW) of the stabilized soil with its CCR content is presented in Fig. 5.  
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Figure 3:  Variation of plasticity index of soil with CCR content. 
 
Figure 4:  Change in plasticity as indicated on the plasticity chart. 
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Figure 5:  Variation of compaction characteristics of soil with its CCR content. 
 
Figure 6:  Variation of CBR of soil with its CCR content. 
     The OMC of the stabilized soil increased with increasing CCR content, while its MDUW 
decreased (Fig. 5). The water content in the stabilized soil required to attain MDUW 
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increased with increasing CCR content because part of the water was required for the 
formation of cementitious materials, when the CCR reacts with pozzolanic materials [15]. 
3.4  California bearing ratio 
The effect of the application of CCR on the CBR of the soil is graphically presented in Fig. 
6. The addition of CCR to the soil increased its CBR, meaning that the capacity of the soil to 
bear load subjected to it increased. 
3.5  Unconfined compressive strength 
The variation of UCS of the stabilized soil with its CCR content is graphically presented in 
Fig. 7. The UCS of the soil is understandably low because the soil has a larger proportion of 
its particles to be cohesionless. In a similar manner as the CCR stabilization effect on the 
CBR, the UCS increased with increasing CCR content. 
     Fig. 7 shows that there is a sharp increase in UCS of the natural soil to the value 
corresponding to 4% CCR content, when compared with the progressive increment that 
followed after the application of 4% CCR. It can be seen that the slope of the initial part of 
the graphical plot is steeper than that of the later part. The increase in the UCS of the soil 
with increasing CCR content resulted from the cementation of the particles of soil brought 
about by the application of the CCR.  
     Comparing the results of particle size distribution, Atterberg limits and CBR of the soil 
with the Nigerian General Specification [25] indicate that the unstabilized and CCR-
stabilized soil only satisfied the requirements for use as subgrade material. Though they 
satisfied the particle size and CBR requirements for use as subbase material, they did not 
meet the plasticity requirement of being ≤12%. Further research can be carried out to 
investigate the addition of low percentage of cement with the CCR-soil mixture in order to 
further strengthen the soil and also reduce the plasticity index. 
 
Figure 7:  Variation of UCS of soil with its CCR content. 
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4  CONCLUSIONS 
This study aimed at investigating the suitability of using CCR to stabilize a tropical soil in 
order to assess the use of the stabilized soil as road pavement layer material. The soil is 
classified as a well-graded sand with silt (SW-SM), according to the Unified Soil 
Classification System. The application of the CCR to the sand resulted in a reduction of the 
plasticity index, specific gravity and MDUW, while it increased the OMC, CBR and UCS of 
the stabilized sand. 
     The pozzolanic reaction of the CCR with some of the constituent of the soil may be 
responsible for the cementation of its particles that led to the improvement of its strength 
properties. Based on strength, an optimal CCR content recommended for the stabilization of 
soils of similar engineering properties as that studied is 4%. 
     Comparing the results of particle size distribution, Atterberg limits and CBR of the soil 
with the Nigerian General Specification [25] indicate that the unstabilized and CCR-
stabilized soil only satisfied the requirements for use as subgrade material. Though they 
satisfied the particle size and CBR requirements for use as subbase material, they did not 
meet the plasticity requirement of being ≤12%. The subgrade characteristics of the stabilized 
soil became improved by the application of the CCR. 
     These findings are particularly important because of their potential to use CCR as a soil 
stabilizer, while consequently ridding the environment of the pollution that may arise from 
the indiscriminate disposal of the CCR. Further research work can be carried out to 
investigate the addition of low percentage of cement with the CCR-soil mixture in order to 
further strengthen the soil and also reduce the plasticity index. 
ACKNOWLEDGEMENT 
The authors would like to acknowledge the financial support of Covenant University, Ota, 
Nigeria.  
REFERENCES 
[1] The International Bank for Reconstruction and Development, The World Bank, 
Railway Reform: Toolkit for Improving Rail Sector Performance, The International 
Bank for Reconstruction and Development, The World Bank: Washington DC, 2011. 
[2] Nigeria National Bureau of Statistics, Transport Statistic; National Bureau of 
Statistics. Online. www.nigerianstat.gov.ng/pdfuploads/TRANSPORT.pdf. Accessed 
on: 26 Apr. 2017. 
[3] United States Department of Transportation, Bureau of Transportation Statistics, Table 
1-40: U.S. Passenger-Miles (Millions); U.S. Department of Transportation. Online. 
www.rita.dot.gov/bts/sites/rita.dot.gov.bts/files/publications/national_transportation_
statistics/html/table_01_40.html. Accessed on: 26 Apr. 2017. 
[4] Minten, B. & Kyle, S., The effect of distance and road quality on food collection, 
marketing margins, and traders' wages: Evidence from the former Zaire. Journal of 
Development Economics, 60(2), pp. 467–495, 1999. DOI: 10.1016/s0304-
3878(99)00049-8. 
[5] Praticò, F., Saride, S. & Puppala, A., Comprehensive life-cycle cost analysis for 
selection of stabilization alternatives for better performance of low-volume roads. 
Transportation Research Record: Journal of the Transportation Research Board, 
2204(1), pp. 120–129, 2011. DOI: 10.3141/2204-16. 
[6] Praticò, F.G. & Puppala, A.J., Lime and cement treatments of subgrades in Southern 
Italy: Facing interports issues and challenges. Procedia—Social and Behavioral 
Sciences, 53, pp. 389–398, 2012. DOI: 10.1016/j.sbspro.2012.09.890. 
292  Urban Transport XXIV
 
 www.witpress.com, ISSN 1743-3509 (on-line) 
WIT Transactions on The Built Environment, Vol 182, © 2019 WIT Press
[7] Akinwumi, I., Soil modification by the application of steel slag. Periodica 
Polytechnica Civil Engineering, 58(4), pp. 371–377, 2014. DOI: 10.3311/ppci.7239. 
[8] Manyik, R.M., Dietz, C.M., Sargent, H.B., Thribolet, R.O. & Schaffer, R.P., 
Acetylene, Properties and Manufacturing from Calcium Carbide, 2000. Online. 
http://onlinelibrary.wiley.com/doi/10.1002/0471238961.0103052013011425.a01/abst
ract. Accessed on 28 Apr. 2017. 
[9] Horpibulsuk, S., Phetchuay, C. & Chinkulkijniwat, A., Soil stabilization by calcium 
carbide residue and fly ash. Journal of Materials in Civil Engineering, 24(2), pp. 184–
193, 2012. DOI: 10.1061/(asce)mt.1943-5533.0000370. 
[10] Horpibulsuk, S., Phetchuay, C., Chinkulkijniwat, A. & Cholaphatsorn, A., Strength 
development in silty clay stabilized with calcium carbide residue and fly ash. Soils and 
Foundations, 53(4), pp. 477–486, 2013. DOI: 10.1016/j.sandf.2013.06.001. 
[11] Du, Y.J., Zhang, Y.Y. & Liu, S.Y., Investigation of strength and California bearing 
ratio properties of natural soils treated by calcium carbide residue. Geo-Frontiers, 
2011. DOI: 10.1061/41165(397)127. 
[12] Consoli, N.C., Prietto, P.D., Carraro, J.A. & Heineck, K.S., Behavior of compacted 
soil-fly ash-carbide lime mixtures. Journal of Geotechnical and Geoenvironmental 
Engineering, 127(9), pp. 774–782. DOI: 10.1061/(ASCE)1090-
0241(2001)127:9(774). 
[13] Jaturapitakkul, C. & Roongreung, B., Cementing material from calcium carbide 
residue-rice husk ash. Journal of Materials in Civil Engineering, 15(5), pp. 470–475, 
2003. DOI: 10.1061/(ASCE)0899-1561(2003)15:5(470). 
[14] Kumrawat, N. & Ahirwar, S.K., Experimental study and analysis of black cotton soil 
with CCR & BA. International Journal of Engineering Sciences and Management, 
4(3), pp. 46–53, 2014. 
[15] Horpibulsuk, S., Kampala, A., Phetchuay, C., Udomchai, A. & Arulrajah, A., Calcium 
carbide residue—a cementing agent for sustainable soil stabilization. Geotechnical 
Engineering Journal of the SEAGS & AGSSEA, 46(1), pp. 22–27, 2015. 
[16] British Standard Institution, Methods of Testing Soils for Civil Engineering Purposes, 
BS 1377, British Standards Institution: London, 1990. 
[17] Bhobhariya, S. & Anand, V., A comparative study on strength improvement and CBR 
properties of NIT hostel area soil by using calcium carbide residue and fly ash. 
Bachelor’s Degree dissertation, National Institute of Technology: Rourkela, 2012. 
[18] Makaratat, N., Jaturapitakkul, C. & Laosamathikul, T., Effects of calcium carbide 
residue–fly ash binder on mechanical properties of concrete. Journal of Materials in 
Civil Engineering, 22(11), pp. 1164–1170, 2010. DOI: 10.1061/(ASCE)MT.1943-
5533.0000127. 
[19] Makaratat, N., Jaturapitakkul, C., Namarak, C. & Sata, V., Effects of binder and CaCl2 
contents on the strength of calcium carbide residue-fly ash concrete. Cement & 
Concrete Composites, 33(3), pp. 436–443, 2011. DOI: 
10.1016/j.cemconcomp.2010.12.004. 
[20] Ogork, E.N. & Ibrahim, T.S., Properties of cement paste and concrete containing 
calcium carbide waste as additive. Nigerian Journal of Technology, 36(1), pp. 26–31, 
2017. 
[21] Sun, H. et al., Properties of chemically combusted calcium carbide residue and its 
influence on cement properties. Materials, 8(2), pp. 638–651, 2015. DOI: 
10.3390/ma8020638. 
Urban Transport XXIV  293
 
 www.witpress.com, ISSN 1743-3509 (on-line) 
WIT Transactions on The Built Environment, Vol 182, © 2019 WIT Press
[22] Vichan, S., Rachana, R. & Horpibulsuk, S., Strength and microstructure development 
in Bangkok clay stabilized with calcium carbide residue and biomass ash. ScienceAsia, 
39(2), pp. 186–193, 2013. DOI: 10.2306/scienceasia1513-1874.2013.39.186. 
[23] Akinwumi, I.I. & Booth, C.A., Experimental insights of using waste marble fines to 
modify the geotechnical properties of a lateritic soil. Journal of Environmental 
Engineering and Landscape Management, 23(2), pp. 121–128, 2015. DOI: 
10.3846/16486897.2014.1002843. 
[24] Akinwumi, I.I., Booth, C.A., Diwa, D. & Mills, P., Cement stabilisation of crude-oil-
contaminated soil. Proceedings of the Institution of Civil Engineers—Geotechnical 
Engineering, 169(4), pp. 336–345, 2016. DOI: 10.1680/jgeen.15.00108. 
[25] Nigerian General Specifications, Roads and Bridges, Federal Ministry of Works; 
Lagos, Nigeria, 1997. 
294  Urban Transport XXIV
 
 www.witpress.com, ISSN 1743-3509 (on-line) 
WIT Transactions on The Built Environment, Vol 182, © 2019 WIT Press
